Attorney Docket No. 3174-000020 
LOW COST SURGE PROTECTION 

FIELD OF THE INVENTION 
[0001] The present invention relates to appliance motor drives, and 
more particularly to an appliance motor drive incorporating low cost surge 
protection. 

BACKGROUND OF THE INVENTION 

[0002] Appliances, such as dishwashers, washing machines, clothes 
dryers, and the like are typically driven by electric machines. A motor drive 
provides power from a source, such as a household power outlet, to the electric 
machine. The household power outlet typically supplies A/C power at a line 
voltage (such as 1 15V) and a line frequency (such as 60Hz). 

[0003] Line voltage transients, or surges, can occur due to lightning 
strikes and other sources. Voltage surges may reach up to 6000V. Residential 
electrical appliances are designed to withstand these power surges. Some motor 
drives incorporate surge protection circuits that limit damage due to power 
surges. One surge protection circuit includes a line to neutral metal oxide 
varistor (MOV) and a neutral to ground MOV in the motor drive circuitry. The 
MOV's clamp the surge voltages. 

[0004] Appliances typically undergo insulation testing, which requires 
1200V to 1800V to be applied to the electric machine through the motor drive. 
This high voltage causes conduction of traditional MOV-type surge protectors 
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that are incorporated in the motor drive which prevents satisfactory testing. As a 
result, a jumper circuit is used during insulation testing to disconnect the surge 
protection circuit. The requirement of connecting and disconnecting the jumper 
circuit adds additional cost and time to the manufacturing process. 

[0005] Another surge protection circuit employs spark gaps in the 
circuit board of the motor drive. The breakdown voltage of spark gaps, however, 
is adversely impacted by dirt and humidity variations. Spark gaps are further 
subject to carbon accumulation and metal displacement from electrodes into the 
spark gap area, which limits their useful life. 

SUMMARY OF THE INVENTION 

[0006] A motor drive for an electric machine according to the present 
invention includes a live line, a second line, and a ground line. A surge protector 
includes a first varistor and a gas discharge tube (GDT) that is non-conductive 
below a trigger voltage and that is conductive above the trigger voltage. The first 
varistor and the GDT are connected in series between one of the live line and the 
second line and the second line and the ground line. 

[0007] In other features, the first varistor has a voltage threshold that is 
less than a hi-pot test voltage and the trigger voltage. The hi-pot test voltage is 
less than the trigger voltage. The trigger voltage is less than a surge voltage. 

[0008] In yet other features, the surge protector further comprises a 
second varistor connected between the other of the live line and the second line 
and the second line and the ground line. When a voltage on the live line exceeds 
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the trigger voltage, the first varistor, the second varistor and the GDT function to 
limit the voltages. 

[0009] In still other features, the surge protector further includes a fuse 
that is connected in series with the live line and that creates an open-circuit when 
current flowing through the fuse exceeds a current threshold of the fuse. 

[0010] In still other features, a rectifier communicates with the live line, 
the second line and the ground line and converts an AC power input to a DC 
power output. A first capacitor has one end that communicates with a first output 
of the rectifier and an opposite end that communicates with the second line. A 
second capacitor has one end that communicates with a second output of the 
rectifier and an opposite end that communicates with the second line. A first 
resistor is connected in parallel to the first capacitor. A second resistor is 
connected in parallel to the second capacitor. 

[0011] In still other features, the first and second varistors are metal 
oxide varistors (MOVs). 

[0012] Further areas of applicability of the present invention will 
become apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 



3 



Attorney Docket No. 3174-000020 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] The present invention will become more fully understood from 

the detailed description and the accompanying drawings, wherein: 

[0014] Figure 1 illustrates an electric machine that receives power from 

a motor drive; and 

[0015] Figure 2 is an electrical schematic of the motor drive according 
to the principles of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0016] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. For purposes of clarity, the same reference numbers will be 
used in the drawings to identify similar elements. 

[0017] Referring now to Figure 1, an electric machine 10 is 
schematically illustrated. In one embodiment, the electric machine 10 is a direct- 
current (DC) or alternating-current (AC), fractional horsepower (Hp) electric 
machine. The electric machine 1 0 is powered by a voltage signal (AC or DC) 
and generates power under 1Hp. While a fractional Hp electric machine is 
shown and described, other types of electric machines may be used. The 
voltage signal to the electric machine 10 is supplied by a motor drive 12. A motor 
drive connector 14 that is associated with the motor drive 12 is connected to an 
electric machine connector 16 that is associated with the electric machine 10. An 
alternating-current (AC) power source 18 provides an AC voltage signal to the 
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motor drive 12 through a power input 20. The motor drive 12 converts the AC 
voltage signal to a DC voltage signal to power the electric machine 10, in the 
case of a DC electric machine. 

[0018] Referring now to Figure 2, an electrical schematic of the motor 
drive 12 is illustrated. The motor drive 12 includes the power input 20 and a 
power output or voltage bus 22. The power input 20 includes a live line 24, a 
second line 26 and a ground line 28. In the case of a 115V application, the 
second line 26 is a neutral line. In the case of a 230V application, the second 
line 26 is a second live line. Power is supplied to the voltage bus 22 via the live 
and second lines 24 and 26. The ground line 28 is connected to a safety ground 
30. A voltage rectifier 32 converts the AC voltage signal from the power input 20 
to the DC voltage signal. In some applications, the voltage rectifier 32 can be a 
doubler-type voltage rectifier or a standard full wave-type voltage rectifier. 

[0019] The DC voltage signal is supplied to the voltage bus 22. The 
voltage bus 22 includes a voltage output terminal 34 and a common return 
terminal 36. The voltage bus 22 communicates with the motor drive connector 
14 to supply the DC voltage signal to the electric machine 10 through the electric 
machine connector 16. Capacitors 38 and 40 store charge. Resistors 42, 44, 46 
and 48 equalize stored charges in the capacitors 38 and 40. While four resistors 
are shown, additional or fewer resistors may be used. 

[0020] A motor case terminal 50 is connected to a motor case (not 
shown) of the electric machine 10 through the connectors 14 and 16. A capacitor 
52 enables voltage from the motor case to bypass the voltage bus 22 to the 
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common return 36. In this manner, electro-magnetic interference (EMI) from the 
motor case is limited. Resistors 54 and 56 allow the motor case to float while 
enabling a DC path to ground 30. In this manner, charge is not built up in the 
motor case over time. 

[0021] The motor drive 12 includes a surge protector 58 that prevents 
excessive voltage from damaging the components of the motor drive 12 and the 
electric machine 10. The surge protector 58 includes a fuse 60 in the live line 24 
and a metal-oxide varistor (MOV) 62 that bridges the live and second lines 24 
and 26. The surge protector 58 further includes MOV 64 and a gas-discharge 
tube (GDT) 66 that are connected in series and that bridge the second line and 
the ground line 26 and 28. The surge protector 58 enables insulation testing, 
discussed in further detail below, without modification to the motor drive 12, while 
protecting the motor drive 12 and electric machine 10 from voltage surges. 

[0022] The MOV's 62 and 64 limit surge voltages by clamping them as 
will be described. The MOV's 62 and 64 provide a variable resistance that is 
based on the voltage across each. Each MOV 62 and 64 includes a 
corresponding voltage threshold or break-over voltage. Exemplary break-over 
voltages for the MOV's 62 and 64 are between approximately 600V and 800V. 
When the voltage across the MOV is less than its break-over voltage, the MOV 
has a high resistance that limits current flow. When the voltage across the MOV 
is above its break-over voltage, the MOV has a relatively low resistance that 
limits the voltage. 
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[0023] The GDT 66 also limits voltage. The GDT 66 includes an inert 
gas within a ceramic housing that is capped by electrodes (not shown). The 
GDT 66 has a trigger voltage, above which it becomes conductive. An 
exemplary trigger voltage is between 3000V and 3500V. For example, when the 
voltage across the GDT 66 is below the trigger voltage, the GDT 66 is non- 
conductive (i.e., no current flow therethrough). When the voltage across the 
GDT 66 is above the trigger voltage, the GDT 66 is conductive and current flows 
therethrough. Once the GDT 66 is triggered, it becomes highly conductive. This 
further limits the voltage and reduces the possibility of damage from the voltage 
surge. 

[0024] The fuse 60 also provides surge protection. When the current 
exceeds the rated current of the fuse, the fuse blows and creates an open-circuit. 
The open-circuit prevents power flow through the motor drive 12 and prevents 
operation of the electric machine 10. If a normal, sustained voltage appears on 
the second line 26, the series MOV 64 allows the normal voltage without 
clamping. 

[0025] When operating under a normal condition, the AC voltage signal 
from the power source 18 is supplied to the voltage rectifier 32 through the live 
and second lines 24 and 26. The voltage rectifier 32 converts the AC voltage 
signal to the DC voltage signal, which is supplied to the voltage bus 22. The DC 
signal from the voltage bus drives the electric machine 10 through the connectors 
14 and 16. 



7 



Attorney Docket No. 3174-000020 

[0026] Prior to entering the marketplace, the motor drive 12 may 
undergo insulation testing or high potential (hi-pot) testing to insure component 
integrity. Hi-pot testing generally requires applying an AC voltage signal to the 
power input 20 at approximately twice the line voltage plus 1000V. The line 
voltage can be 1 15V, or other voltage levels. In applications including a doubler- 
type voltage rectifier, the line voltage is typically 115V. Therefore, during hi-pot 
testing, 1230V (2*1 15V+1000V) to as much as 1460V (2*230V+ 1000V) can be 
supplied through the motor drive 12. 

[0027] In one test, the hi-pot testing includes application of the 
amplified voltage through the motor drive 12 for a 60 second period. However, in 
hi-pot testing, the testing time can be reduced by increasing the applied voltage. 
More particularly, an increase of approximately 20% in the voltage reduces the 
testing time to approximately 1 second. Therefore, in the lightest case, 1230V is 
applied through the motor drive 12 (1 15V application using 60s test time). In the 
heaviest case, up to approximately 1800V is applied through the motor drive 12 
(230V application using 1s test time). 

[0028] When hi-pot testing, the live and second lines 24 and 26 are 
interconnected by a jumper (not shown). An amplified AC voltage is applied 
between the combined live line 24 and second line 26 and ground 30. The 
amplified voltage ranges between approximately 1230V and 1800V depending 
on the application type and testing time, as discussed above. The amplified 
voltage signal is supplied to the voltage rectifier 32 through the combined live 
and second lines 24 and 26. 
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[0029] Neither the MOV 62 nor the series MOV 64 and GDT 66 affect 
the application of the amplified voltage during hi-pot testing. Because the live 
and second lines 24 and 26 are combined, opposite ends of the MOV 62 are at 
the same voltage potential and there is no voltage drop across the MOV 62. 
Therefore, the break-over voltage of the MOV 62 is not reached. Although the 
break-over voltage of the MOV 64 would be achieved during hi-pot testing, the 
trigger voltage of the GDT 66 is not achieved. Therefore, the GDT 66 remains 
non-conductive and there is no path to ground 30. 

[0030] A voltage surge from the power source 18 induces operation of 
the motor drive 13 under a surge condition. A lightning strike or other event can 
induce a voltage surge up to approximately 6000V. Additionally, surges can 
occur in one of two modes, a common mode and a differential mode. In the 
common mode, the voltage surge is applied through the motor drive 12 via both 
the live and second lines 24 and 26 (i.e., live and second lines are combined). In 
the differential mode, the voltage surge is applied through the motor drive 12 via 
the live line 24, as would occur during normal operation. 

[0031] During a common mode surge, the MOV 64 and the GDT 66 
limit the voltage through the motor drive 12 and divert the excess voltage to 
ground 30. More particularly, as the voltage surges, the voltage across the MOV 
64 exceeds the break-over voltage and the voltage across the GDT 66 exceeds 
the trigger voltage. As a result, the GDT 66 is conductive and diverts the excess 
voltage to ground 30. During a differential mode surge, the MOV 62 limits the 
voltage to the motor drive 12, clamping the excess voltage as previously 
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described. More particularly, as the voltage surges, the voltage across the MOV 
62 achieves its break-over voltage. 

[0032] Although the present description and Figures illustrate the MOV 
64 and the GDT 66 connected in series between the second line 26 and the 
ground line 28, it is anticipated that the MOV 64 and the GDT 66 can be 
connected in series between the live line 24 and the second line 26. With this 
configuration, the MOV 62 is connected across the second line 26 and the 
ground line 28. The surge protector 58 provides similar surge protection of the 
motor drive 12 in this alternative configuration. 

[0033] Those skilled in the art can now appreciate from the foregoing 
description that the broad teachings of the present invention can be implemented 
in a variety of forms. Therefore, while this invention has been described in 
connection with particular examples thereof, the true scope of the invention 
should not be so limited since other modifications will become apparent to the 
skilled practitioner upon a study of the drawings, the specification and the 
following claims. 
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